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Abstract 
In this paper, a typical atrium was used as a case for the study of fire harassed. Aiming to the fire defects of this building, smoke 
screen and mechanical exhaust facilities was recommended to achieve virtual fire district. By performance-based design method, 
smoke movement of atrium was numerical simulated by combining empirical formula and field simulation under representative 
fire sceneries. And at the same time, evacuation simulation was carried out by EVACNET4 model on the basis of reasonable 
estimate of the fire and staff in the building. The result showed that Required Safety Egress Time (RSET) of staff in building is
16.3 min. The required Safety Egress Time from layers to temporary security zone in first floor atrium is 15 min. in the condition
of conventional water spray system, setting the smoke screen within 80 cm and smoke extraction system along the corridor in the
central courtyard could insure that in the 15 minutes the high temperature flue gas in fire could not be out of court. Therefore, the 
setting of the smoke screen is an effective performance-based design method. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Past two or three decades, the Court of commercial buildings have developed rapidly. Atrium building 
development also brings a huge fire hazard. More than catastrophic fire was related to Atrium building. This is due 
to larger space, many kinds of fuel, and multi-connected inside the building. In the event of fire, smoke spread 
quickly and the fire is not easy to control. The fire occurred in Zhong-Bai commercial buildings in Ji Lin province in 
2004 is belong to atrium building fire. Also, because staffs was too concentrated, the evacuation in atrium building 
was relatively difficult when the fire broke. Therefore, in the atrium smoke control and evacuation performance is to 
be of great significance.  
80 years of the 20th century, foreign has began to carry out fire safety design system reform, put forward the 
concept of performance-based design. For example: due to the Terminal 3 of Capital Airport covered too large area 
and fire can not be separated, Arupfire Company carried out performance-based fire protection design. WSP UK 
companies and Japanese BRI company undertaken extensive research aiming to fire performance for the building 
design. Until the state of "Ninth Five-Year" scientific and technological project "underground shopping mall fire 
research" and the 2000 national "Tenth Five" scientific and technological projects "major industrial accidents and 
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urban fire prevention and emergency technology research, " the performance-based design of the building started to 
be concerned in China[1-4]. In this paper, combined with real engineering project, the smoke control and evacuation 
performance of atrium in fire was designed and simulated to verify the performance-based design method is feasible 
and effective. 
2. Fire scenarios 
The total construction area of the atrium building involved in this case was of 34241m3. The building is divided 
into two parts: commercial and atrium. The standard level diagram shown in Fig. 1. Buildings 1-6 with an atrium, a 
long 30 m, width 16 m, high 30.4 m. The form of atrium is gallery-style. 
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Fig. 1 Schematic diagram of the standard floor flat 
WANG Hai-rong et al. / Procedia Engineering 11 (2011) 431–436 433
Problems existed in the building was: (1) Fire District area exceed regulatory requirements; (2) Clear height of 
atrium was over 12m, but the mechanical exhaust system has not been set; (3) the mall around atrium full of fire 
load, in the event of fire, would produce a large number of high-temperature gas. Not only would a large number of 
high-temperature flue gas will affect the evacuation, and which contained the result of incomplete combustion and 
high temperature could understand the formation of new gas fire. Therefore, such construction should be strictly 
controlled evacuation of indicators and the smoke performance to ensure their fire prevention measures is 
reasonable. 
3. Simulation and Analysis  
In order to solve the main problems of the building, the exhaust por has been set at each floor corridor t in 
addition to the underlying layers and in the corridors surrounding area smoke screen in order to reduce the fire risk 
in the court [5-6]. Consider the more adverse conditions, the fire is set in the second floor as shown in Figure 1, 10, 
garment district , controlled by ordinary fire sprinkler system. Through the assessment tool of the CFAST DETECT-
T2 and DETECT-QS, automatic sprinkler system start up time was 234s, the maximum heat release rate of 1.6MW. 
In the fire scene, using FDS software to simulate smoke spread process to verify the effectiveness of mechanical 
smoke exhaust facilities and smoke screen. The simulation result was shown in Figure 2-5: 
It can be seen from the figure: When the smoke screen height H = 80cm, air flow in exhaust port Q = 100m3 / h , 
about 160s or so later high temperature gas from the lower side of smoke screen overflow into the court (see Figure 
2). If the air flow of exhaust port increase to Q = 120m3 / h, and the time of smoke into the count could be extended 
to about 5min, shown in Figure 3. If smoke screen height H = 80cm, air flow in exhaust port Q = 150m3 / h, 
mechanical smoke exhaust facilities and smoke screen could effectively inhibit the smoke into the court, as shown in 
Figure 5 . Within the 15min, higher than 45 ć flue gas was mostly in the discharge of the mechanical exhaust 
system, no high-temperature flue gas from the smoke screen overflow into the atrium. Therefore, when the smoke 
corridor width of 3.5m, height of smoke screen 80cm, the erection of exhaust port air volume of not less than 150m3 
/ h, the role of smoke control relatively obvious. 
          
Fig. 2 The smoke density and velocity fields when H = 80cm, Q = 100m3 / h, t = 158.4s 
          
Fig. 3 The smoke density and velocity fields when H=80cm, Q=120m3/hˈt=300s
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Fig. 4 The smoke density and velocity fields when H=60cm, Q=150m3/hᯊˈt=142.2s 
      
Fig. 5 The smoke density and velocity fields when H=80cm, Q=150m3/hˈt=900s
4. Evacuation simulation 
4.1. Main parameter 
Evacuation time was simulated by using evacuation model EVACNET4. Personnel Load was estimated in 
accordance with Design specifications of the building shopping malls. Setting stores, corridors and court personnel 
in the use was 55% of the total area [7]. That was staff load for each floor: First Floor 187, 226 two-story, three 219, 
four 226, five 219, six 219, a total of 1295 personnel of all categories of people. All the personnel to escape when 
there is a difference in mobility. Walking speed and flow coefficient was used to describe the difference, as shown 
in Table 1[8]. 
Tab.1 The operational capacity of different people 
Staff mobility 
average walking speed
˄m/s˅
Flow Coefficient (/m.s) 
Features of staff 
Evacuation in 
the same level
upstairs Evacuation 
in the same 
level 
upstairs 
Not familiar with 
evacuation Routes
common traffic 
officers
1.0 0.5 1.5 0.3 
Familiar with 
evacuation routes 
Staff 1.2 0.6 1.6 1.4 
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Need help for the 
elderly
children, etc. 0.8 0.4 1.3 1.1 
4.2. Simulation of evacuation time 
General point smoke detector can detect and automatically start the 100kW fire alarm. The rapid growth of the 
fire heat release rate of 100kW of time after the fire 48s [9]. Pre-movement time in the case was 2 minutes, 
evacuation of the court buildings was simulated. The result was shown in Figure 6-8. 
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           Fig.6 Floor evacuation time on each floor                Fig.7 Personnel dynamics of export 1 
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Fig.8 Personnel dynamics of export 2       Fig.9 The process of personnel dynamic changes within the building 
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Evacuation process, personnel dynamic process of building was shown in Figure 9. layers staff clear time as 
shown in Figure 6, the first one, two, three, four, five and six of the evacuation time was 260s, 460s, 580s, 780s, 900 
and 980s. Comparing Figure 7 and Figure 8 shows that: as a result of exports of a temporary security zone directly 
connected to the atrium, 2-6 level staff can more quickly evacuated to the outside. After the fire was 16.3 min, all 
staff through the first floor as a temporary security zone to evacuate to the outside courtyard. Therefore, the overall 
building evacuation RSET is 16.3min. 
5. Conclusion 
In this paper, aiming to the characteristics of a building and main fire problems, the worst fire scene and the heat 
release rate of fire, evacuation and smoke control performance was simulated. The results showed that: 
• ˄1˅Smoke spread simulation calculations showed that: when the smoke corridor width of 3.5m, height of 
smoke screen 80cm, the erection of exhaust port air volume of not less than 150m3 / h, Most of the flue gas more 
than 45 ć can be discharge within 15min by the mechanical exhaust system for, the role of smoke corridor was 
relatively obvious. 
• ˄2˅RSET of building evacuation is 15min. However, the residence time of staff in the first floor is 1.3min. If 
the first floor was added of some exports, it can cost much less to improve the evacuation performance of atrium 
buildings. 
• ˄3˅Figure 6 shows, from the construction layers to the first floor atrium as a temporary security zone the 
evacuation time RSET is 15min. When using conventional water sprinkler systems, along the corridor in the 
central courtyard setting 80cm the smoke screen and mechanical exhaust system that can guarantee the high 
temperature flue gas fires will not break the corridor into court within 15min. Therefore, the setting of the smoke 
corridor ensure safe evacuation of staff in construction, is an effective performance-based design methods. 
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